The concentration profiles of the potential endocrine disrupting nonionic alkylphenol ethoxylate (APEO) surfactants in Israel's rivers, groundwaters and coastal water of the eastern Mediterranean Sea, were found to be within the range of 12.5-74.6, trace -20.2 and 4.2-25.0 µg/L respectively. Determination of the APEO's homologic distribution revealed "skewing" towards the more toxic shorter-chain ethoxylates. Egg production of zebrafish, Danio rerio, exposed to these actually found the environmental concentrations range of the APEOs decreased, after 20 days, to 89.6 ± 2.1, 84.7 ± 3.9 and 76.9 ± 2.2% of the baseline levels, compared with control, in concentrations of 10, 25 and 75 µg/L respectively. These results suggest that, (a) there is a potential health problem, particularly in countries in which the "hard"/environmentally persistent APEOs are still in use; and (b) the related health-risk is seasonally-dependent, particularly in semiarid regions where the fluctuations in the water quantities in surface-and groundwater are substantial.
Introduction and background
Sustainable development is a key demand in our world of finite resources and endangered ecosystems. Given the environmental imperatives, the potential ecotoxicological risk of anthropogenic chemicals and the limited economic feasibility of advanced large scale treatment and remediation technologies, the currently emerging corrective-to-preventive paradigm shift in production, development, consumption and disposal is unavoidable. Surfactants, the dominant components in detergent formulations, constitute a particular issue of concern since they enter the aqueous and terrestrial compartments of the environment as such or as (bio-)degradation products. A research-based systemic understanding of the distribution, pathways, biodegradation, survival and effects/consequences of these surfactants is the key for appropriate, integrated relevant environmental policy, regulation and education -to be implemented worldwide.
Surfactants play a major role in detergent formulations. They constitute the core components of these formulations used, among others, for household, institutional and industrial cleaning, dishwashing and laundering. The anionic and nonionic surfactants, having a linear alkyl chain, are biodegradable and classified as "soft", whereas those of the branchedchain type, having tertiary and quarternary carbon atoms, causing them to resist biodegradation by microorganisms in natural environments (e.g., 2, Figure 1) , are classified as "hard", non-biodegradable.
The branched-chain nonylphenol-based nonionic ethoxylates (NPEOs) -the most commonly used alkylphenol ethoxylates (APEOs) in detergent formulations -are environmentally persistent pollutants because their biodegradation is very slow and, quite often, incomplete for a long period of time (Jonkers et al., 2003; Ying and Kookama, 2003) . Furthermore, their degradation in wastewater treatment plants or in the environment generates more persistent shorter-chain APEOs, some of which can mimic natural hormones and in their levels present in aquatic environments may disrupt endocrine functions in wild life and humans (Britton, 1998; Nylor et al., 1998; Ying et al., 2002) . Indeed, APEO degradation products were shown to be estrogenic to fish cells in vitro and were recently found, simultaneously, in fish tissues, water estuaries and sediments (Lye et al., 1999) , thus causing great concern.
In spite of many years of worldwide efforts to prevent pollution of receiving water bodies, studies have indicated that both surface and groundwater are contaminated by surfactants, the "hard" APEOs in particular (Zoller, 1997; Zoller and Hushan, 2000) . Significantly, the APEOs are still extensively used in several Mediterranean countries and, as a result, the potential estrogenic effects should be taken into consideration in related risk assessment studies.
Israel, as a country with a high standard of living and, hence, typified by high consumption of detergents, will be here used as an illustrative case study. It is located in a semi-arid region, thus experiencing an extreme shortage of water supplies. Of about 5 × 10 8 m 3 of the annually produced sewage -containing ca. 9-12 mg/L of anionic (mainly LABS) and 1-3 mg/L of nonionic (mainly APEOs) surfactants (approximately 85:15 ratio) -about 27% and 45% of the total quantity are used, following secondary treatment, or directly -for aquifer recharge and agricultural irrigation, respectively. About 15% of the total amount finds its way to the Mediterranean Sea. Since (i) only secondary treatment is available for sewage effluents in the country; (ii) the "hard" APEOs are barely affected by this treatment; and (iii) about 2/3 of the nonionic surfactants used in Israel are of the "hard" APEO type, these nonionic surfactants and/or their metabolites reach surface and groundwater. Neither the existing sewage treatment facilities, nor naturally occurring biodegradation processes, appear to be capable of avoiding this environmental pollution.
There is still not enough evidence to conclusively support the hypothesis that exposure to endocrine-disrupting/estrogenic chemicals is a global environmental health problem. Yet, (a) an estrogenic activity of domestic sewage treatment works effluents was shown to occur at levels capable of producing biological effects in fish exposed to this water (Rutledge et al., 1998) ; (b) nonylphenol and some of its short chain polyethoxylates may have toxic effects at environmentally realistic concentrations of 0.01-10.0 µg/L (Jobling et al., 1996; Ying et al., 2002) ; and (c) many of the APEOs (annual world consumption ca. 500,000 tons) and consequently, their degradation products, such as the carboxylated metabolites (Field and Read, 1996) , enter the aquatic environment by means of discharge from municipal sewage-treatment works, industrial effluents and untreated sewage, and can occur in effluents and rivers from nanogram to mg/L levels (Britton, 1998; Rutledge et al., 1998; Zoller and Hushan, 2000) .
Thus, APEOs -particularly their lower homologs -do affect organisms in polluted aquatic environments (Servos, 1999) . However, particular homolog(s) concentrations (cause) -effect relationships, as well as the chronic exposure effect on aquatic organisms of actual aquatic environmental concentrations of the APEOs have to be established. This paper reports (a) the actual concentration profiles of APEOs (i.e., their total concentration and homologic distribution) in Israel's rivers/streams, groundwater and coastal seawater; and (b) the direct effect of a "classical" homological mixture of commercial APEOs within this actual environmental concentration range on zebrafish, using egg production as a criterion for quantification of the effect. Since Israel is situated in the semi-arid region of the Mediterranean Sea and the APEOs are still in use there, the case study, here presented, may be regarded as representative of this region in terms of the potential health risk associated with the persistent APEOs in aquatic environments. The objectives, therefore, of this study were: (a) to map the APEOs' content of the country's aurface-and groundwater, including the former homologic distribution; and (b) to test the effect of the actually found concentrations of APEOs on the egg production rate of zebrafish. Based on relevant toxicological studies (Britton, 1998; Rutlegde et al., 1998; Burke, 2002) , any effect of APEOs on fish egg production can be attributed to the former's endocrine disrupting potential.
Materials and methods
Seasonal grab sampling of selected "representative" sewage-containing rivers, groundwater wells and the Mediterranean Sea coastal water was followed by reverse phase HPLC determination of the total APEOs concentration (mainly nonyl/octyl phenol ethoxylates) in the samples (Marcomini and Giger, 1987) , as well as their local (at the sampling site) homologic distribution (Kubeck and Naylor, 1990 ) by reverse and normal HPLC .
The effect of the total concentrations of APEOs on zebrafish reproduction was determined. 120 specimens of zebrafish (Danio rerio), a common model species in toxicological studies (Legler et al., 2000) , were divided into 15 groups of 8 (4 females, 4 males) each held in 20 L aquarium at 28°C under 16:8 L:D photoperiod. The zebrafish eggs produced under these inducing conditions were siphoned and counted, for each group, once every two days for 10 days for establishing baselines. The fish were then exposed to the actually found APEOs (Marlophen 810, Hüls) concentrations of 0, 5, 10, 25 and 75 µg/L (3 groups in each concentration) and egg production was monitored for the next 20 days. The results were tested using ANOVA with repeated measurements to detect significant reduction in egg production (p<0.05).
Results and discussion
The APEOs loads of the sewage-containing rivers/streams which enter into the Mediterranean Sea at the sites of the coastal seawater sampling (see Figure 2 ) are given in Table 1 (Zoller and Hushan, 2000) . The APEOs concentrations in Israel's groundwater wells adjacent to the sewage-containing rivers sampled, are given in Table 2 (Zoller, 2003) . The APEOs concentrations in seawater at the estuaries of the coastal rivers are given in Table 3 (Zoller and Hushan, 2000) . The homologic distributions of the APEOs in Israel Figure 2 Sampling sites rivers, coastal/river estuaries' and offshore Mediterranean Sea water of the country are given in Figure 3 . The bottom line is that the APEO nonionic surfactants concentrations of the country's rivers/streams (clearly containing waste water), groundwater and Mediterranean coastal seawater, are 12-75, trace -20 and 4-25 µg/L, respectively. The homologic profiles of the APEOs in the sampled sites revealed a homologic distribution, percentage-wise, within the range of 1-10. Evidently, there is some skewing towards the shorter-chain ethoxylates compared with the original homologic distribution in typical commercial APEOs commonly used in the country, here represented by Marlophen ® 810 as a reference (Figure 3 ). Thus, for example, 2.8-4.6% (of the total concentration) of the shortest homologs-APEO 1-3 , means survival concentrations of 2.1-3.4 µg/L of these homologs which are known to be more toxic than the longer-chain ones (Lye et al., 1999; Ying et al., 2002) in some of the rivers sampled. Such levels of short-chain APEOs in the aquatic environments of semi-arid Mediterranean region constitute an issue of health-related concern.
Indeed, egg production by exposed zebrafish was significantly reduced after 8, 16 and 18 days in 75, 25 and 10 µg/L of APEOs respectively, and continued to decrease, statistically significantly, until day 20, when APEOs were removed from the water (Table 4 ). No significant reduction in egg production was detected after 20 days exposure to 0 (control) and 5 µg/L of APEOs.
Conclusions
Our overall results suggest that the APEOs concentrations found in Israel coastal rivers, groundwater and seawater may be detrimental to the aquatic fauna. Also, they should be evaluated as potentially environmental/health (endocrine disrupting) risks. Further, the effect of the APEOs is both time and concentration positively related, so that long-term exposure to APEOs may affect fish reproduction even in lower seasonal concentrations (<5 µg/L) than those here examined (chronically). Thus, the draft EPA water quality guidelines for NP [freshwater, 6 µg/L (four day average) and 25 µg/L (one-hour average)], appears to be rather liberal. This is especially true while keeping in mind that endocrine disrupting chemicals were found to affect not only egg production rates, but also other stages in fish and invertebrate reproduction processes (Harries et al., 2000) .
The simple and straightforward method applied in our study makes it a potential candidate for monitoring the endocrine disrupting affects of pollutants on the whole organism level, particularly as far as the long-term chronic effects are concerned.
The hard nonionic APEO surfactants, the origin of which are either domestic-industrial or agricultural wastewater, infiltrate into groundwater, discharge into rivers/streams and reach the coastal water of the Mediterranean Sea in Israel and persist there. Neither the existing sewage treatment facilities (Ahel et al., 1994) , nor naturally occurring biodegradation processes in the receiving surface water systems, or physical soil absorption, appear to be capable of avoiding this contamination.
The levels of the APEOs, particularly those of their shorter-chain homologs found in these aquatic environments, constitute an issue of major environmental long-term healthrisk concern.
In view of (i) the estrogenic/endocrinic potential of these anthropogenic nonionic surfactants; (ii) the recently reported findings of estrogenic activity of domestic sewage treatment wastewater effluents in European countries (e.g., UK), and (iii) the direct Figure 3 Homologic distribution of APEOs (% of total concentration) in Israel surface water (2000/1) compared with their distribution in a typically used commercial APEO endocrine disrupting related effect of APEOs on zebrafish egg production found by us, it appears that there is a health related risk problem associated with the usage of APEOs in semi-arid region. Consequently, (a) a ban on the production and use of APEOs in detergent formulation should be seriously considered; (b) effective APEOs removal sewage treatment processes should be applied as long as these persistent organic pollutants (POPs) are present in wastewaters; and (c) an immediate switch to a research-based management of our water resources, groundwater in particular, should be implemented.
Further studies concerning the effects of environmentally-relevant concentrations of specific (separated) homologs of the APEOs on the reproduction rate of eggs by zebrafish are in progress.
